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Abstract
With the propelling of globalization, transportation，as a vital part in the global trade,
becomes more and more important. Therefore, intermodal transportation, as the
advanced stage of transportation, becomes more and more important.
A lot of companies have been affected by the financial crisis since 2008. They are
struggling to cut down the transportation cost and shorten the transportation time in
order to increase the competitiveness and eventually survive the crisis. Under such
circumstances, how to achieve the optimal routes selection, which means achieving
the target of minimizing the total cost or total travel time, etc., has become an
important problem.
This paper is focus on the routes selection in intermodal transportation.
First, It will analyse the factors that influence routes selection. A comprehensive study
on the basic theory of transportation routes selection will also be conducted. This
paper will describe a general intermodal transportation problem and an intermodal
transportation combinatorial optimization model will then be built and genetic
algorithm, as a kind of heuristic algorithm, will be used to solve the general
intermodal transportation problem. Finally, this model will be used in a company
scenario.
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Chapter 1 Introduction
1.1 Background
With the propelling of globalization, transportation，as a vital part in the global trade,
becomes more and more important.

Intermodal transportation involves more than one mode of transportation during a
single journey. It makes the whole process safer and shortens the total delivery time. It
is an inevitable trend in the international trade. Therefore, intermodal transportation,
as the advanced stage of transportation, becomes more and more important.

The advantages of intermodal transportation are:
(1) Increasing the logistics organization: Intermodal transportation breaks the
boundary of transportation and realizes the rationalism of transportation. It improves
the linkage of different transportation modes and increases the logistics organization.

(2) Integrating the advantages of each transportation mode: Intermodal transportation
could combine transportation modes rationally, thus, increasing the transportation
efficiency and decreasing the storage time and cost. At last, it can decrease the total
transportation cost and promote the sustainable development of transportation.

(3)Providing convenient, fast, economic, safe, and reliable door-to-door transportation
service: In intermodal transportation, the shipper just needs to assign the origin and
destination, the carrier will choose the best route , provide the uniform documents and
take full responsibility for the whole transport process from the origin to the
destination .

A lot of companies have been affected by the financial crisis since 2008. They are
struggling to cut down the transportation cost and shorten the transportation time in
9

order to increase the competitiveness and eventually survive the crisis. Under such
circumstances, how to achieve the optimal routes selection, which means achieving
the target of minimizing the total cost or total travel time, etc., has become an
important problem.

1.2 Research Purpose
The purpose of this thesis is to build a combinatorial optimization model for the
routes selection in intermodal transportation.

To achieve the above mentioned goal, this dissertation will first analyse the factors
that influence routes selection. A comprehensive study on the basic theory of
transportation routes selection will also be conducted. Intermodal transportation
combinatorial optimization model will then be built and genetic algorithm, as a kind
of heuristic algorithm, will be used to solve a general intermodal transportation
problem. Finally, this model will be used in a company scenario.

1.3 Literature Review
1.3.1 Introduction and Background
On April 26, 1956, a converted tanker, which carrying 58 trailer vans on its specially
adapted decks, sailed from Newark to Houston. This was a milestone of container
revolution. From this beginning, one of the most fundamental and far-reaching
advances in the history of intermodal transportation took shape and expanded to major
U.S. shipping routes, and to routes throughout the world. (Gerhardt Muller，1999) 1

Since that, intermodal transportation has developed significantly majorly because of
following external reasons:
(1) The development of global trade and the changing of the trade pattern. Although
10

from the long-term respect, the volume of trade and sea transportation was going up
and down, the increase of global trade was greater than the increase of global GDP.
Especially, after the World War II，the development of the economy in East Asia and
China has greatly influenced the pattern of global trade and the mode of transportation.
(Wang Hui Jiong, 2005) 2

(2) Almost three decades of experience have now been obtained with downsized or
limited federal economic regulation of the United States freight railway industry. The
downsizing began with passage of the Railroad Revitalization and Regulatory Reform
Act of 1976 (4RAct) (US Congress, 1976), and was carried further with enactment of
the Staggers Rail Act of 1980 (SRA) (US Congress, 1980) and the Interstate
Commerce Commission (ICC) Termination Act of 1995 (ICCTA) (John C.
Spychalski , Peter F. Swan,2004) 3. This deregulation has profound influence not only
to the United States, but also to the whole world directly or indirectly.

(3)Countries around the world have realized the importance of developing logistic
management (Wang Hui Jiong, 2005) 2.

Routes selection has always been an important part in intermodal transportation. Since
2008, a lot of trade companies have been affected by the financial crisis. They are
struggling to cut down the transportation cost and shorten the transportation time in
order to increase the competitiveness of the company and eventually survive the crisis.
It is a trade-off in logistics. Therefore, the study on routes selection theory and
optimal model becomes even more important in the current situation.

1.3.2 Study on Routes Selection in Intermodal Transportation
In Clarke D B , Chatterjee A , Rutner S M and Sink H L’s (1996) research4, they
analyzed the statistics and concluded that the service and frequency of transportation
11

were the most two influential factors in routes selection.

SU Yin，Li Tiezhu (2006) introduced a decision theory to determine which routes
should be chosen for the different types of cargoes on the basis of Analytic Hierarchy
Process (AHP) 5．They defined transport rate, transport time and transport quality as
the three most important factors that influence the decision-making and evaluated the
weighting of these three factors according to the influential degree when different
cargoes are transported.

Sun Huacan, Li Xuhong, Chen Dawei, Yu Shijun (2008) stated that besides the
transportation economies of scale6, two additional characteristics of viable intermodal
routes should be identified: logical mode sequence and limited transfer times.

Tsung Sheng Chang (2008) concluded the three important characteristics of
intermodal transportation route selection7: (1) multiple objectives; (2) scheduled
transportation modes and demanded delivery times; and (3) transportation economies
of scale.

Here are some models put out in the research in the past few years.

Reddy V R , Kasilingam R G (1995) established a liner programming model for
intermodal transportation to get the minimal cost8.

In Zhang dezhi , Ling chunyu’s (2002) study, they presented a multi-objective 0-1
integer programming model for intermodal transportation routes selection between
several cities based on analyzing each traffic mode’s influential factors9. They also
solve the specific shortest path problem based on the Dijkstra algorithm.

Zhang jianyong, Guo yaohuang (2002) presented an intermodal transportation
network assignment model on the principle of the minimization of cost10. It was
12

solved by the flow equilibrium.

Chen Deliang (2005) suggested use integrated GIS system to solve the shortest path
problem in the container intermodal transportation11.

The models above are aimed at minimizing the cost. They do not take punctuality into
consideration.

Yang Qiuqiu, Wang Hui (2006) took economical cost and time as optimized goals to
present a optimal routes selection model and give a case to exam the feasibility of the
model with genetic algorithm12.

He Zhuqing, Sun Linyan, and Li Xiaohong (2007) established a 0-1 integer
programming model with time and capacity restrictions for the purpose of minimizing
the cost13. They also used the genetic algorithm to get the optimal result.

The nodes in their models are given and the routes that are chosen should go through
every node.

Yang Longhai , An Shi , Mao Kejun (2007) established the intermodal freight
network assignment model by using nonlinear bi-level programming theory14．The
model considers simultaneously that shippers’ benefit is the most important in freight
transportation and the impact of the changing of travel time and cost on the decisions
made by shipper. The model is constructed to describe shippers’ and carriers’ decision
behaviors and the relationship between the decisions made by shippers and those by
carriers, which solves the detachment of decisions between shippers and carriers．

The model is considerate. However, it is difficult to be solved.
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1.3.3 Existing Problems
These researches provide us a lot of useful information and knowledge. However,
there still exist some problems.

First, some models only have one target—minimizing the cost. In intermodal
transportation, we usually want to achieve the optimal cost and time，or best service,
etc. Sure cost is an important factor, but it is not the only thing we considered.

Second, some models and algorithm put out were aimed at solving a specific problem.
They do not have the generality. They can not be used to solve other intermodal
transportation problem.

Third, in some models, nodes were already known, and the result of the transportation
route should go through each node. It doesn’t have a lot of application value.

The optimal modal for routes selection could contribute to realizing the rationalization
of transportation. It can save the transportation cost and time, and also the energy
which is a hot topic in recent years.

There have been some researches on the topic. However, because the routes selection
in intermodal transportation is complicated, there is no standard way to solve it yet.
There is still a lot of space for research and development and it is worthy studying.

1.4 Research Methodology
0-1 Integer programming is a special form of integer programming. 0-1 Variable is a
logical variable, only can be defined as integer 0 or 1. It is often used to show whether
the system is in a certain state or whether a specific mode is chosen. When a problem
concludes several elements, and each element has two options, we can use a set of 0-1
14

variables to describe them. The model and form of 0-1 integer programming is similar
to linear programming.

In this research, combinatorial optimization model will be built on the basis of 0-1
integer programming. This kind of problem is a NP-Complete problem. It needs to be
solved by a heuristic algorithm. In this study, this problem is supposed to be solved by
genetic algorithm.

1.5 Content and Structure
On the basis of previous studies, this thesis has further studied routes selection in
intermodal transportation and built up a combinatorial optimization model for
intermodal transportation.

Chapter one is introduction. It introduces the background of this thesis and the
researches on routes selection in intermodal transportation in the past few years. It
also introduces the research aim of this thesis.

Chapter two introduces the routes selection and decision-making in intermodal
transportation. In analyses the advantages and disadvantages of the transportation
modes and the factors that influence the routes selection.

Chapter three introduces the basic theory of transportation optimal model.

Chapter four describes a general intermodal transportation problem on the basis of the
characteristic and application requirements of intermodal transportation and builds a
combinatorial optimization model based on the 0-1 integer programming model.

Chapter five introduces the algorithm of the combinatorial optimization model and
15

applies the genetic algorithm to a company scenario.

Chapter six is conclusion.
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Chapter 2 The Routes selection and Decision-making
in Intermodal Transportation
2.1 The Types of Decision-making in Intermodal Transportation
According to the current situation in intermodal transportation business, the
decision-making in intermodal transportation can be divided into two kinds: strategic
decision-making and tactical decision-making.

2.1.1 Strategic Decision-making
Strategic decision-making refers to the decision that the shippers should make when
choosing the carrier. They should consider the following factors when choosing the
carrier:
(1) The kind of company products: high-value products usually demand the high
speed and can afford the high cost; low-value products pursue the low cost and
therefore, often being delivered at the low speed.

(2) The distribution of the factories and warehouses of the company: The distribution
will directly affect the design of the transportation network.

(3) The distribution and main character of the customers of the company.

(4) The situation of transportation network and transportation resources: The freight
rate of railway and waterway is comparatively cheap, but it can not reach to some
small cities. The freight rate of highway is higher, but it is easy to provide
door-to-door service.

(5) The main character and cost of each transportation mode: The main influential
factors that should be considered are time and cost. Cost is sure should be considered.
17

In the competitive market, delivery speed is also very important. What should be pay
attention to is that the freight rate of certain transportation mode is different in
different region.

(6) The customer service and transportation business network of the carrier.

(7) The character of handling equipments: Different goods have different
requirements for handling equipments.

(8) The different situation of taxes.

2.1.2 Tactical Decision-making
Tactical decision-making refers to the decision that the carriers should make when
carrying out the transportation organization. They should consider the following
factors when carrying out the transportation organization:
(1) The demand of the customer for the delivery time and other requirements:
Different kinds of goods will have different requirements. It is the major factor that
carriers should consider.

(2) The cost of each transportation mode.

(3) The availability of each transportation mode.

(4) The lead time of each transportation mode.

(5) The transshipment condition between each transportation mode.

(6) The customer service of each transportation mode.
18

(7) The cost and times of handling.

(8) Other cost.

2.2 The Comparison between Each Type of Transportation Mode
According to the above two types of decision-making (strategic decision-making and
tactical decision-making), we can conclude that transportation mode is the most
important factor in the intermodal transportation decision-making. And the selection
of routes is closely related to the selection of transportation modes because to a great
extent, the possibility of routes selection depends on the selection of transportation
modes.

Each transportation mode has its characters, advantages and disadvantages. Only fully
knows about it can we choose the optimal modes and routes. In the next paragraph,
this thesis will discuss the four main transportation modes: highway transport, railway
transport, waterway transport, and air transport.

2.2.1. Railway Transport
Railway transport is an important transportation mode for long-distance bulk cargo
transport. It is the main transportation mode in the inland transportation network at
present and in the foreseeable future.

Advantages of railway transport:
(1) It can deliver great amount of cargo.
(2) Low cost for bulk cargo transportation.
(3) It is not influenced by natural conditions too often, such as weather, seasons, etc.
19

(4) Normally, it is safe and can arrive on time.
(5) The fix cost accounts for 60 percentage of the total cost which is comparatively
high.

Disadvantages of railway transport:
(1) The operation at departure station and terminal station takes comparatively long
time and it is disadvantageous for short-distance transport.
(2) Limited by the railway, it has less flexibility and must use other transportation
modes help it to gather and distribute goods.

2.2.2. Highway Transport
Highway transport mainly refers to delivering goods or customers by automobiles
through highway. Usually, it can delivery goods immediately according to the demand
of the shipper.

Advantages of highway transport:
(1) The delivery speed of highway transport is only slower than air transport, and it is
much faster than railway and waterway transport.
(2) It has strong flexibility and can realize the “door-to-door” service.
(3) It has wide range of radiation area, even the countryside can be reached to.
(4) General goods can be easily handled. It doesn’t have special requirements for
handling equipment.

Disadvantages of highway transport:
(1) The volume that highway transport can handle is small.
(2) Most highways charges vehicle tolls, and it will increase the total cost.
(3) Some highways in remote areas are in bad condition, it could slower the delivery
20

2.2.3. Waterway Transport
Waterway transport is composed with ports, waterway, and ships. It includes inland
waterway transport and overseas transport. Waterway transport has great advantages
in transporting big-scaled and heavy goods through long distance.

Advantages of waterway transport:
(1) The volume that waterway transport can handle is huge.
(2) The cost is low if transport great amount of cargo.

Disadvantages of waterway transport:
(1) The delivery speed is slow.
(2) It is to some extent influenced by the natural conditions, and sometimes it doesn’t
arrive on time.

2.2.4. Air Transport
Air transport has been developed greatly in the past half century. It is the fastest
transportation mode at present.

Advantages of air transport:
(1) The delivery speed is the fastest among all transportation modes. Normally, its
speed is 5-10 times as fast as highway transport and railway transport, and is
20-30 times as fast as waterway transport.
(2) It has strong flexibility. It is an important transport tool to deal with emergency
task.
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Disadvantages of air transport:
(1) The volume and weight an airplane can carry is small.
(2) The transportation cost is high.

Table 1-Main Advantages and Disadvantages of Each Transportation Mode
Transportation Mode

Advantages

Railway Transport





Disadvantages

Suit for high volume 

High cost for

transport

short-distance

Low

cost

for

long-distance

transport


transport

Can’t meet an
emergent need



Safe



Rarely influenced by
natural conditions

Highway Transport



Strong flexibility



Low volume



Convenient to handle 

High cost for

goods

long-distance

Realize

transport



“door-to-door” service




Low speed

Great ability to adapt
to natural conditions

Waterway Transport

Air Transport



Suit for high volume 

High terminal

bulk transport

handling charge



Low cost



Suit



for


large-scale

Greatly influenced by
weather condition

cargo transport



Poor punctuality

High speed



High cost
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Strong flexibility



Low volume



Restricted by weight
and size

2.3 The Comparison of the Cost Structure of Each
Transportation Mode
If we integrate the fix cost and the variable cost, we will find that the cost of
waterway transport is the lowest. Therefore, it is often used to transport bulk cargo in
long-distance. The second lowest cost is railway transport.

Table 2-Comparison of the Cost of Transportation Modes
Transportation mode

Fix cost

Variable cost

Integrated cost

Railway transport

High

Low

Low

Highway transport

High

Medium

Medium

Waterway transport

Medium

Low

Lowest

Air transport

Low

High

High

2.4 Factors that Influence Routes Selection
Generally, the transportation cost in intermodal transportation is made up of
transportation cost, operation cost, and profit. When intermodal transport operator
competing with each other, they always decrease the transportation cost as low as
possible to increase their competency. However, transportation should not be the only
factor that be considered. Delivery time, service quality, etc. should also be taken into
consideration.
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2.4.1 Transportation Cost
Transportation cost is an important factor that influences routes selection. It includes
the transportation cost of each section, the transshipment fees, and the storage cost if
necessary.

2.4.2 Delivery Time
Delivery time includes the transportation time of each section, transshipment time,
and storage time if necessary.

2.4.3 Service Quality
Service Quality mainly refers to the boundary conditions for port facilities, the
complexity of procedures, how soon the information of the cargo being updated, and
the service quality at ports, stations.

When transporting low-value cargo, transportation cost will be the most important
factor; when transporting high-value cargo, delivery time and quality will become
more important.
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Chapter 3 Basic Theory of Transportation Optimal
Model

3.1 Basic Theory of Routes Selection
Vehicle scheduling problem was first brought out by Dantzig and Ramser in 1959.
Such problem was defined as how to organize vehicles go through proper routes
orderly from several loading points to discharging points under certain
constraints—demand of the cargo, arrival time, volume that vehicles can take, etc. and
achieve certain objective—shortest distance, lowest cost, or shortest time, etc.

Since that, experts from a lot of aspects—operations research, applied mathematics,
logistics science, theoretical computer science, etc. have put great emphasis on it and
made lots of research. It is a hot issue in operations research and combinatorial
optimization.

The aim of routes selection problem is to find the shortest distance or time, or lowest
cost between origin and destination.

Routes selection problem can be divided as these kinds: different origin and
destination; same origin and destination (TSP); multiple origins and destinations with
no transit points; multiple origins and destinations with transit points.

3.1.1 Different Origin and Destination
Normally, such problem doesn’t consider other transportation factors and it can be
solved by shortest path algorithm.

Step 1 Define the starting node as the solved node and other nodes as unsolved nodes
25

in the network.
Step 2 Find out all unsolved nodes that directed linked with solved nodes.
Step 3 Define the closest unsolved node to the solved node as solved node.
Step 4 Repeat the procedure until reach the destination.

3.1.2 Same Origin and Destination (TSP)
Travelling salesman problem (TSP) is a common problem in operations research. It is
often applied in the problem of delivering drinks, milk or packages. Given a list of
customers and distances, the objective is to find a shortest path that visits each
customer exactly once and then come back to the starting point in the end.
The mathematical model is:
m

n

min Z   Cij X ij
i 1 j 1

m

s.t  X ij  1
i 1

j

n

X ij  1 i

j 1

X ij   0,1

Cij ----The

i, j

unit cost. It can be time, cost, or other factors that travelling salesman

spend in section  i, j  .
Decision variable

X ij ----If section  i, j  is in the route, the value equals 1; if not,

the value equals 0.

3.1.3 Multiple Origins and Destinations without Transit Point
Classic transportation problem (TP) is a kind of linear programming. The typical
problem is to transport goods from m origins to n destinations. Their supply and
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demand is a1 , a2 , … , am and b1 , b2 , … , bn respectively.

Cij

represents

the unit cost. It can be time, cost, and so on. Variable xij represents the volume of
the cargo moved from origin i to destination j.
The mathematical model for transportation problem is:
m n
Min
Cijk xij
 x
i 1 j 1

F

 

n

xij  ai

j 1

i=1, 2, … , m

Subject to
m

xij  b j

i 1

j=1, 2, … , n

xij ≥0, i=1, 2, … , m; j=1, 2, … , n

F  x  {F  x  , F  x  ,...F  x }
We assume x >0, i ; b j >0, j ; Cijk ≥0,
ij
1

2

k

(i, j ) ;

 ai   b j .

3.1.4 Multiple Origins and Destinations with Transit Point
This kind of problem is called transit problem. To solve this problem, it should be
changed into transportation problem by some rules, then it can be solved just as the
way to solve transportation problem.

3.2 Basic Intermodal Transportation Model
Reddy (1995) made the minimization of the cost as the objective function8. He
assumed that between certain two given cities, there was only one transportation
mode and the transportation cost and transportation distance was in linear proportion.
The mathematical model is:
27

Min Z =

xik,i1cik,i1   yikltikl

i
i
k

s.t.

k

 xik,i1 =1

l

i

k

 yikl ≤1,
k

i

l

xik,i1 + xik,i1≥2 yikl , i, k , l
xik,i1, yikl   0,1 , i, k , l
cik,i1 ---- The transportation cost from i city to i+1 city by transportation mode k.
tikl ----The transshipment fees from transportation mode k to transportation mode l.
Decision variables:

xik,i1=1, if the transportation mode is k from i city to i+1 city,
or

xik,i1=0

tikl =1, if the transportation mode is changed from k to l at i city, k≠l
or tikl =0
The aim of objective function is to get the minimization of the two cost function.

xik,i1cik,i1

i

represents the total transportation cost from the start point to the

k

destination among all given nodes.

yikltikl

i
k

represents the total transshipment cost. It only exists when

l

transportation mode changed at certain node.

The object function is to get the minimal result of the two liner functions.

The first restriction is to make sure there is only one transportation mode in certain
period of time.
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The second restriction is to make sure there is only one transportation mode at certain
city.

The third restriction is to make sure if the transportation mode is change from k to l at
i city, then the transportation mode is k from i-1 city to i city and the transportation
mode is l from i city to i+1 city.

The last restriction is the 0-1 restriction to the decision variables.

The basic theory of transportation optimal model could give us a lot of guidance when
we build the intermodal transportation optimal model.
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Chapter 4 Establishment of Combinatorial
Optimization Model

4.1 Description of the Intermodal Transportation Network
The basic intermodal transportation network is composed of nodes and one line or
several parallel lines between every two nodes. Each line represents certain kind of
transportation mode. We define it as:
i, j, m

i∈N，j∈N, m∈M

Among them, i represents the beginning node, j represents the ending node, m
represents certain kind of transportation mode, N represents the sets of the whole
nodes in the network, and M represents the sets of all transportation modes in the
network.

Assume a transportation network is composed of node A, B, C and there are three
kinds of transportation modes—highway, railway, and waterway. Besides, there is
only highway transport between node A and node B. This thesis uses directional
parallel lines to link the adjacent nodes. Each line represents one possible
transportation mode.
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B

A

C

Figure 1-Description of Road Network
highway
railway
waterway

If the whole transportation is finished by only one transportation mode, then the above
description of road network can describe the situation very well. But if we need to
deliver cargo by intermodal transportation in order to reduce time or cost, how do we
describe such kind of network?

Assuming that the transhipment only can happen at nodes, then we can solve the
problem on the basis of the theory of expansion of nodes. The basic method is to
divide the node which transhipment happens into inflow node (a1, a2) and outflow
node (a3, a4) according to the inflow (1, 2) and outflow (3, 4) ,and then link the nodes
with transhipment lines. Thus, the expansion of nodes is composed with inflow nodes
and outflow nodes.
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Figure 2-Expansion of Nodes
highway
railway
waterway

Next, this thesis will build the intermodal transportation network with the expansion
of nodes.
STEP 1 Except origin O, other cities are divided into g cities, each represents a kind
of transportation mode.
STEP 2 Build a virtual destination D.
STEP 3 There is no arc between the nodes expanded from the same city.
STEP 4 Each arc has three kinds of weight—cost weight, time weight, and ability
weight.

Cost weight = the freight rate between two cities + transhipment fees
Time weight = the delivery time between two cities + transhipment time
Capability weight = the transport ability of certain transportation mode between two
cities

In order to make the calculation easier, we build a virtual destination D’. The transport
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cost and time between Di and D’ is 0 and the capacity is infinity.

O

Dn1

P12

P22

…

Dn2

…

Dnp

P1g

P2g

D’

…

…

…

P21

…

P11

Figure 3-Virtual Transportation Network

4.2 Build Combinatorial Optimization Model for Intermodal
Transportation
With the globalization of the economy, some international logistics companies not
only deliver goods in short-distance, but also deliver goods in long-distance. When
delivering goods in long-distance, choose only one transportation mode to deliver
may be not the optimal choice because each transportation mode has its unique
advantages. That is why how to take advantages of each transportation mode and
make the optimal selection of them to delivery goods safely and in time with the
minimal cost becomes so important.

Shortening the transportation time and decreasing the transportation cost is a trade-off
in logistics. So when choosing the two factors, we must coordinate the two factors. In
order to realize the rational of transportation, we should use the systems engineering
theory and take full advantages of each transportation mode.
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4.2.1 Description of the Problem
Assume that a logistics company wants to transport goods from starting point O to
destination D through several (n) cities. There are several (g) possible transportation
modes between every two adjacent cities and their delivery time, freight rate and
transportation ability are all different. When certain transportation mode changes into
other transportation mode, it needs some transhipment time and fees, and the total
time must not exceed the demanding time. As to some special goods, such as
dangerous goods, perishable goods, livestock, fresh or alive goods, and so on, the
possibility of transhipment should be considered..
After considering all the above factors, decide an optimal intermodal transportation
route to achieve the minimal cost.

4.2.2 The Assumption of the Modal and the Explanation of the
Elements
(1) The assumption of the modal
There is only one kind of transportation mode between two cities and the volume can
not be changed. Furthermore, the transport cost and the distance are in liner
relationship.

(2) The explanation of the elements
1, Choose transportation mode k from city i to city i+1

xik,i1 
0, Choose other transportation mode

1, Transportation mode k changes into mode l at city i.

ri kl 
0, There is no transshipment at city i
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1, The transshipment meets the demand.

uikl 
0, The transshipment does not meet the demand.

1, city i has been picked into the route.

wi 
0, city i has not been picked into the route.

Cik,i1 : The transportation cost from city i to city i+1 by transportation mode k.
f i,ki1 : The transportation ability from city i to city i+1 by transportation mode k.

dikl : The transshipment cost of changing transportation mode k to transportation
mode l at city i.

aikl : The transshipment time of changing transportation mode k to transportation
mode l at city i.

tik,i1 : The transportation time from city i to city i+1 by transportation mode k.
T: The time limit from origin O to destination D.
J: The set of possible transportation modes.
I: The set of cities in the route.
q: The volume of the cargo.
M: A sufficient large penalty factor.

4.3.3 Establishment of Combinatorial Optimization Model
When city i and city j are not adjacent
integer).

wi

Cik, j = t ik, j =N,

(N is an infinity positive

indicates whether node i has been picked in the route. If

wi =1,

it
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means that node i has been picked; if not, it means that node i has not been picked.
The objective function is:

Z= min   wi xik, jCik, j     wi rikl dikl    wi (uikl 1)M
iI kJ

iI kJ lJ

iI kJ lJ

The restrictions are as follows:

xik, j≤1 i  I

kJ
rikl  1 i  I


kJ lJ

xik1,i  xij, j≥2rikl

i  I,k  J,l J

tik, j xik, j     aikl rikl ≤T


iI kJ
iI kJ lJ
q≤f ik, j

xik, j , rikl 0,1

i  I,k  J

i  I,k  J,l J

The object of the objective function is to get the minimal transportation cost.
Transportation cost is composed of freight rate, transhipment fees, and penalty fees.

The first restriction indicates that there is only one kind of transportation mode
between two cities. If it is 0, it means that the node is not picked.

The second restriction indicates that the transhipment only can happen once at city i.

The third restriction is to ensure the continuity of the transport.

The fourth restriction indicates that the cargo should be delivered within the schedule.

The fifth restriction indicates that the volume can not exceed the transport ability of
certain transportation mode.
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The sixth restriction indicates that the decisive variable can only be 0 or 1.

Intermodal transportation is a complicated system. It should consider several factors.
In this thesis, the transportation cost, time, capacity and transshipment time and cost
at each node are taken into consideration and the combinatorial optimization model
above has been built to get the minimal cost.
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Chapter5 The Algorithm of the Combinatorial
Optimization Model

5.1 Introduction of the Algorithm
Optimization has become an independent subject since late 1940s. It involves a lot of
fields and problems.

With the help of computer science, optimization theory has been applied to economy
plan, programme design, manufacture management, transportation, and so on. It
becomes an active subject.

Generally, Optimization problems can be divided into two major kinds—functional
optimization problem and combinatorial optimization problem. The objects of
functional optimization problem are the continuous variables in a certain interval. The
objects of combinatorial optimization problem are a discrete set of feasible solutions.

According to the degree of the complexity of the problem and the difficulty to solve
the problem, problems can be divided into these kinds: P, NP, NP-Complete and
NP-hard. P problem refers to the problem that involves polynomial time algorithm.
However, some optimal problems haven’t found the optimal polynomial time
algorithm yet. We call these problems which have wider extent as NP problem
(Non-deterministic Polynomial). If a problem belongs to NP problem and each
problem in it can be generalized to this problem by polynomials, then it is called
NP-C problem. If a problem belongs to NP problem and each problem in it can be
generalized to a decisive problem within polynomials time, then it is called NP-Hard
problem.

Since 1980s, some novel optimal algorithms, such as genetic algorithm, simulated
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annealing, taboo search, and so on have been developed by simulating some natural
phenomena and they have provided some new thinking and means to solve
complicated problems. They have been called modern optimal algorithms. These
algorithms are trying to compromise between calculation time and the best solution,
that is to say, trying to find the optimal solution with less computation.

Because most of the practical optimal problems are difficult to solve, some successful
applications of modern optimal algorithm made it become a powerful tool to solve the
optimal problem.

Optimal methods (or search methods) can be divided into two kinds: enumerative
search and stochastic search.

Enumerative search may be the easiest search method, it just needs to find the
possible solution in a given search space. However, if the solution space is very wide
and the problem is complicated, this method would be inefficient or even can’t work.
In order to find the optimal solution in reasonable time, certain methods should be
adopted to restrict the solution space. Adding some relevant information into the
search process has been effectively used in greedy algorithm, hill-climbing, branch
and bound, and so on. Though these methods can solve some problems, it is hard to
solve irregular optimal problems such as NP problem.

Some stochastic search methods then were adopted to solve the problems that
enumerative search can not. These are random search, simulated annealing, Monte
Carlo, taboo search, etc. When stochastic search methods solve optimal problems, it
needs to define an evaluation function, codes and decoding mechanism.
(1) Random search
Random search is the easiest stochastic search strategy. In the process of search, it just
involves evaluating given number of certain chosen individual solutions. Sometimes
random search is not better than some enumerative search methods.
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(2) Simulated annealing
Simulated annealing method simulates the process of annealing in solids in physics. It
is a global optimization approach in theory. The difference between simulated
annealing method and local optimization approach is that it not only accepts the
optimal solutions, but also accepts the inferior solutions according to certain
probability. It can make it jump out the “trap” of local optimization, and it is more
likely to get the global optimal result.

(3) Monte Carlo
Monte Carlo approach mainly uses the simulation of the process of random events to
get the optimal result. In the process of the search, all the chosen trail solutions are
totally independent with other choices and results. The present optimal result and the
relevant decisive variables will be saved and when moving to next step, this “optimal”
result will be compared with and may be updated. The character of Monte Carlo is
that the algorithm is simple, but the calculation is huge because it needs get a lot of
samples to get the accurate result.

(4) Taboo search
Taboo search is a hybrid heuristic algorithm composed with several strategies. It is
also a global optimization research approach. It simulates the memory function of
human being.

All these search approaches above are single-point optimal searching approaches. It is
different with the population optimal searching approaches.

In the intermodal transportation combinatorial optimization model, the solution is the
transportation modes combination between two nodes. The transportation routes
composed

with

transportation

modes

can

be

regarded

as

a

vector:

40

X  ( x1,2 , x2,3 , x3,4 ,..., xm1,m )
xm1,m

represents the transportation mode between node m-1 and node m.

If X= (1, 2, 3,…, 2), it means that transportation mode 1 is chosen between node 1
and node 2; transportation mode 2 is chosen between node 2 and node 3;
transportation mode 3 is chosen between node 3 and node 4…transportation 2 is
chosen between last two nodes.
In such a way, if a model has m nodes and k transportation modes, there are

(m  1) k

solutions of the model.

The intermodal transportation combinatorial optimization model in this thesis is a
hybrid integer programming problem. When the scale of the problem is small, it can
be solved by stochastic search methods. With the wider of the scale, the calculation of
the object function will become more complicated. It is a NP-Complete problem and
it is difficult to get the optimal result.

Genetic algorithm is a powerful stochastic search method. It is a satisfied tool to get
the optimal solution.

5.2 The Algorithm of the Combinatorial Optimization Model
5.2.1 The Basic Concept of Genetic Algorithm
The basic concept of genetic algorithm was addressed by Bagley.J.D in 1967. It was
not until 1975 that genetic algorithm was studied systematically.
Genetic algorithm (GA) is a direct search technique independent of concrete problems.
The basic idea of GA is from Darwin’s evolutionary theory and Mendel’s inheritance
theory.

The most important theory of Darwin’s evolutionary theory is survival of the fittest.
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He thought that all kinds of species would be adapted to environment better and better
in the development. The posterities inherit basic features from their ancestors and
generate some new changes form their ancestors. When environment changing, only
the individual features which can adapt to the environment will be preserved.

The most important theory of Mendel’s inheritance theory is genetic principles. He
thought that inheritance preserved in cells as codes and was contained in
chromosomes as gene. Each gene has its special position and controls some special
nature. Therefore, the individual generated by each gene has its special adaptability to
the environment. Gene mutation and genomic hybridization could generate posterities
which are adapted to the environment better. After the natural selection, genes which
have high adaptability will be preserved.

Because the genetic algorithm is based on the mechanism of evolutionary theory and
inheritance theory, GA should use the concepts of them.
(1) String
It is the form of individual. It is the binary string in the algorithm and it is the
correspondence of chromosome in inheritance theory.

(2) Population
The set of individual is population. String is the element of population.

(3) Population size
The quantity of individuals is called population size.

(4) Gene
Gene is the element of string. For example, in string S-1011, the four elements-1, 0, 1,
1, are called genes and their values are called alleles.

(5) Gene Position
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A gene’s position in the string is called gene position. It is calculated from left to right.
For example, in string S-1101, the gene position of 0 is 3. Gene position is the
correspondence of locus in inheritance theory.

(6) Gene Feature
When using a string to represent an integer, gene feature is according to the binary
system. For example, in string S-1101, the gene feature of the number “1” in gene
position 3 is 2; the gene feature of the number “1” in gene position 1 is 8.

(7) String Space ( S S )
String space is the domain of strings. The operations of genes are conducted in string
space. String space is the correspondence of the set of genotype in inheritance theory.

(8) Parameter Space ( S P )
Parameter space is the mapping of string space. It is the correspondence of the set of
phenotype in inheritance theory.

(9) Nonlinear
It represents the epistasis in the inheritance theory.

(10) Fitness
It shows the degree of adaptability of certain individual.

5.2.2 The Principles of Genetic Algorithm
Initial population is composed of binary strings

bi

(i=1, 2, …, n) . The length of

bi

is L. Each binary bite represents the gene in the individual chromosome. According to
the evolution terms, there are three kinds of operations to initial population: selection,
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crossover and mutation.
(1) Selection
Choose the individuals through a fitness-based process to breed the new generation.
The quantity of the reproduction depends on the degree of fitness to the environment.
Sometimes it is called differential reproduction.

(2) Crossover
Crossover means that in the process of reproduction, two genes from different
individuals which are in the same position changes with each other.

(3) Mutation
If the gene in certain picked individual has been changed, it is called mutation. In
string bi , if the value in certain gene position has been changes from 0 to 1 or 1 to 0, it
is called mutation.

Generally, the termination rule refers to the individual reaching to given threshold or
the rate of fitness change is 0.

5.2.3 The Steps and Meaning of Genetic Algorithm
(1) Initialization
Choose an initial population. That is to say, choose a string

bi

(i=1, 2, … ). This

initial population is formed by randomly generated individual solutions. The optimal
solution will be found within it.

(2) Selection
The individuals are selected through the fitness-based process. The fitness principle
represents the natural law that the fitness will be reserved and ones not fit will be
eliminated.
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Given the objective function f, then f ( bi ) represents the fitness of bi .

P  bi  

f  bi 
n

f  bi 

j 1

* n represents the times bi is picked to breed a new generation.

It indicates that individuals with high fitness will breed more new generations and
individuals with low fitness will breed less new generations or even be eliminated.
From the perspective of solving problems, the process will pick the solutions that are
close to the optimal solution.

(3) Crossover
Randomly choose a same position in two individuals and exchange them according to
certain probability P0 . The process shows the random exchange of information. The
objective is to generate new gene combination, thus, the new individual. There are
two ways to conduct crossover—single-point crossover and multi-point crossover.
For example, there are two individuals:
S1=100101
S2=010111
Choose the left three genes to conduct crossover, the result is:
S1=010101
S2=100111
Generally, P0 is 0.25—0.75.

(4) Mutation
Mutate certain individual according to probability Pm . That is to say, change 1 to 0 or
0 to 1 at certain position. Pm is small just like the mutation rate in the nature is very
rare. Generally, it is 0.001—0.2.
For example, there an individual:
S-101011
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Choose gene position 1 and gene position 4 to conduct mutation. The result is:
S-001111

Only rely on mutation does not benefit the solution. But it can ensure that the
algorithm process will not generate a population that can’t be evolved. When each
individual is the same, crossover will not generate new individual. At this time, only
through mutation that the new individual will be generated.

(5) Convergence to the global optimum
This generational process is repeated until a termination condition has been reached.
The termination condition refers to the fitness of optimal individual reaching to given
threshold or the fitness of the optimal individual and the population not changing
anymore.

Figure 4 shows the implementation process of the genetic algorithm.
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Figure 4-The Implementation of the Genetic Algorithm
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5.2.4 The Transportation Modes Selection Based on the Genetic
Algorithm
Transportation optimal problem is a NP-hard problem. It is hard to get the global
optimal solution. It should take the following steps when taking genetic algorithm:
(1) Define the code form
As to genetic algorithm, individuals represent the possible solutions and the new
generations are mainly generated through crossover and mutation among them. How
to define the code form has great influence on the calculation speed and the range of
the optimal solutions. According to the combinatorial optimization model in this
thesis, natural numbers are used to coding. String ( S1 ,…, Si ,…, Sn , S n 1 .., …, S n ( n 1)/2 )
represents the solutions and the length of it is n(n+1)/2.
Gene S1 ~ Sn represent the cities.

Sn ~ S n 1 represent the transportation mode between two cities.

(2) Define initial population
Generate initial population randomly. K is determined by the number of nodes and the
calculation accuracy.

(3) Fitness function
Fitness function is the function to evaluate the chromosome. The higher the value is,
the more chance the chromosome will be picked in the population.
The transportation optimal problem is to get the minimal value, so it can not be used
as fitness function directly. Build a fitness function as follows:
F=C-Z
F is the fitness function.
C is a large enough positive integer.
Z is the object function.
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uikl

in the object function is the penalty function.
1

Changing transportation mode from k to l meets the requirement at
city i

uikl =
0

Changing transportation mode from k to l doesn’t meet the
requirement at city i

If there is no certain transportation mode between two nodes or the capacity doesn’t
meet the demand, then give the transportation cost a large value. Because the
calculation process of fitness function is already contains restrictions such as the
transportation mode and the transshipment restrictions, it can evaluate the fitness of
chromosomes very well.

(4) Selection
Roulette wheel selection is adopted to select the chromosomes into the population
according to the principle and it eventually pushes the process of evolution to
generate the new generation. Goldberg built an evaluation function as follows:

Fi  aFi  b

F
eval (Vi )  m*n i , i=1, 2, …, m*n
 Fi
i l

Fi is the object function of chromosome i.
a, b are constants.
m*n represents the scale of the population.
In this problem, we could define a=-1, b=365, and get the accumulation probability

qi according to the evaluation function.
q0 =0
i

qi   eval (Vi ),

i=1, 2, …, m*n

j 1
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(5) Crossover
Crossover is the process of parental generation generate the new generation according
to some rules. This rule is called crossover rule. We crossover the population that are
selected according to the discrete reorganization and take the single-point crossover
method to conduct the crossover process.

5.2.5 The Optimal Routes Selection Based on the Genetic
Algorithm
(1) Decoding
Assume there are n arcs in the network. Each arc is determined by beginning,
destination, and transportation mode. If the two arcs have the same beginning and
destination, but different transportation mode, they represent different arcs.
If the departure time and the arrival time of one arc is not within the transportation
range, it can be eliminated.
X= ( x1 , x2 , x3 ,... xn ) represent the code of solution. It can also be called chromosome
or individual.

(2) Define the initial population
Several chromosomes or individuals form the initial population. Initial population
should be extensive and representative, and has enough individuals. If the
transportation plan the individual represents is not reasonable, the individual should
be eliminated and replaced by another individual.

Generate initial population should take these steps：
STEP 1
According to the start time and the end time, eliminate the arcs that are not in the
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interval [START, END]. Put xi as zero.
STEP 2
If num=num+1 ,record the chromosome. If num=N (N is the number of initial
population), move to step 3, or move to step 1.
STEP 3
END

(3) Define the fitness function
Fitness function can evaluate the individuals. Individuals with high value of fitness
function will have more chance to be picked into the initial population. Route
selection problem wants to get the minimal solution, so the fitness function is:

F t   C   t 
F t 

is the fitness function.

C is a large enough positive number.

 t 

is the objective function.

Evaluation function takes the elite selection strategy. It arranges all chromosomes
from big to small according to the fitness. The chromosome in the first place will be
copied as the new generation and is in the first place. The individuals of the new
generation are generated by Monte Carlo according to the chromosome fitness of the
parental generation. In this way, it can ensure that the optimal chromosome will
survive to the new generation and the fitness is high. It can also ensure that
chromosomes which have high fitness will have more chance to generate the new
generation.

(4) Define the rules of crossover and mutation
As to the chromosomes being picked to generate the new generations, choose the
same gene position in two chromosomes randomly and conduct the crossover
according to crossover probability P.
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In this thesis, partheno-genetic method is adopted. The character of this method is that
the parental generation only changes one gene with the other randomly. Actually, it
only changes one kind of transportation mode after crossover. We should repeat the
process until the new individual satisfies the time restriction.

According to the mutation theory in inheritance theory, mutate certain individual
according to probability Pm . That is to say, change 1 to 0 or 0 to 1 at certain position.

Pm is small just like the mutation rate in the nature is very rare. Generally, it is
0.001—0.2. Take Pm =0.05 here.
Only rely on mutation does not benefit the solution. But it can ensure that the
algorithm process will not generate a population that can’t be evolved. When each
individual is the same, crossover will not generate new individual. At this time, only
through mutation that the new individual will be generated.

The process of mutation: First, generate a random number  within 0-1. If it is
smaller than the given number  which is small enough, then change the gene code
randomly.

(5) The realization of the algorithm
If the new individual after crossover does not satisfy the restrictions, it should be
destroyed immediately. If the new individual is better than the present best individual,
then set N=0 and repeat the process. If in 10000 times of evolution, there is no better
individual generates, then ends the algorithm and the present best individual is the
optimal solution.

5.3 Company Scenario
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5.3.1 Basic Information
Elion Company is located in Ordos. The main products of Elion PVC project are PVC
and solid sodium hydroxide. These products are mainly delivered to Guangzhou,
Tianjin, and Shanghai. It should be delivered to Guangzhou within 5 days, to Tianjin
within 3 days, and to Shanghai within 4 days.

PVC is a kind of solid powder. It can be delivered in sealed packages and doesn’t
have any special requirements.

Solid sodium hydroxide is a kind of dangerous chemical products. It should be
marked as corrosive substances on the packages and it should be conserved in sealed
barrels strictly.

Considering above conditions, these two products should be transported in containers.
Table 3 shows the demand of each city per year.

Table 3-Logistics Table of Elion PVC Project (unit: 10000T/Year)

PVC

Solid sodium hydroxide

Guangzhou

20

15

Tianjin

10

5

Shanghai

10

10

Total

40

30

PS: Each year has 360 transport days.

The following cities listed in figure 5 are the major cities that will be passed through
from Ordos to Guangzhou, Tianjin, or Shanghai by railway, waterway, or highway.
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Figure 5-Major Cities Passed Through

1- Ordos
2- Baotou
3- Xi’an
4- Beijing
5- Tianjin
6- Huanghua
7- Jinan
8- Qingdao
9- Lianyungang
10- Shanghai
11- Guangzhou

There are three major passageways from Ordos to Guangzhou, Tianjin, or Shanghai.
They can be divided as northern, middle and southern passageways.
(1) Northern passageway and the transshipment port
There

are

Dalian-Qinhuangdao

railway,

Beijing-Yuanping

railway,

Shijiazhuang-Taiyuan railway, Beijing-Guangzhou railway, Beijing-Shanxi railway,
Beijing-Dalian highway, Beijing-Tianjin highway, etc. in this passageway.
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(2) Middle passageway and the transshipment port
There are Shanxi-Shuozhou railway, Shuozhou-Huanghua railway, Huanghua port,
Beijing-Jiulong railway, Tianjin port, etc. in this passageway.

(3) Northern passageway and the transshipment port
There are Yanzhou-Shijiu railway, Rizhao port, Lianyungang-Lanzhou railway,
Lianyungang port, etc. in this passageway.

Table 4, table 5 and table 6 show the water lines, railway lines, and highways
odometer between two cities.

Table 4-Inter-city Water Lines Odometer (unit: km)

Tianjin
Tianjin

Huanghua

Qingdao

Shanghai

Guangzhou

708

1505

683

1483

0

408

1205

0

Huanghua

0

Qingdao
Shanghai

708

683

408

0

912

Guangzhou

1505

1483

1205

912

0
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Table 5-Inter-city Railway Lines Odometer (unit: km)

Baotou Beijing Tianjin Jinan

Qingdao Xi’an Huanghua Lianyungang Shanghai Guangzhou

Baotou

0

790

Beijing

790

0

137

137

0

360

360

0

385

385

0

Tianjin
Jinan
Qingdao
Xi’an

935

Huanghua

1028

935

2295

966

0

1118
0

Lianyungang

1118

Shanghai
Guangzhou

1028

966
2295

0
0
0
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Table 6-Inter-city Highways Odometer (unit: km)

Ordos Baotou Beijing Tianjin Jinan Qingdao Xi’an Huanghua Lianyungang Shanghai Guangzhou
Ordos

0

107

808

926

1247

1476

861

1116

1593

2198

3076

Baotou

107

0

741

859

1180

1409

971

1010

1526

2128

2775

Beijing

808

741

0

118

439

668

1224

195

785

1325

2479

Tianjin

926

859

118

0

364

593

1276

120

710

1250

2539

Jinan

1247

1180

439

364

0

390

973

244

346

886

2057

Qingdao

1476

1409

668

593

390

0

1427

473

309

849

2217

Xi’an

861

971

1224

1276

973

1427

0

1120

1114

1501

2081

Huanghua

1116

1010

195

120

244

473

1120

0

505

1208

2347

Lianyungang 1593

1526

785

710

346

309

1114

505

0

535

1863

Shanghai

2198

2128

1325

1250

886

849

1501

1208

535

0

1798

Guangzhou

3076

2775

2479

2539

2057

2217

2081

2347

1863

1798

0
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Table 7 and table 8 show the transportation rate and transhipment rate of
transportation modes.

Table 7- Transportation Rate of Transportation Modes (unit: RMB/tkm)
Transportation mode

railway

highway

waterway

Transportation

0.3

0.5

0.012

rate

Table 8-Transhipment Rate between Different Transportation Modes (unit:
RMB/tkm)
railway

highway

waterway

Railway

0

12.35

26.81

Highway

20.09

0

17.2

waterway

43.47

26.13

0

Table 9 and table 10 show the speed and transhipment time of transportation modes.

Table 9-The Speed of Different Transportation Modes (unit: km/h)

Transportation mode

railway

Speed

100

highway
80

waterway
35

Table 10-The Transhipment Time between Different Transportation Modes (unit:
hour)

railway

highway

waterway

railway

0

2

4

highway

2.

0

2.5

waterway

4

2.5

0
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5.3.2 The Solution of the Problem
The following figure is the map of node labelling.
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Figure 6-Node Labelling Map

As PVC and solid sodium hydroxide are usually delivered in large volume and don’t
have high demand on the delivery time, we can solve this problem according to its
character by genetic algorithm.

Main function is designed as follows:
function [x]=ga_methods ( )
global bounds
rand(‘seed’,12356);
// It means generate initial population randomly. //
xFns = ‘arithXover heuristicXover’;
// This function is to operate the process of crossover. //
xOpts = [.8];
// It means that the crossover probability is 0.8//
mFns = ‘boundaryMutation multiNonUnifMutation nonUnifmutation unifMutation’;
// This function is to operate the process of mutation. //
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mOps = [.005];
// It means that the mutation probability is 0.005. //
termFns = ‘maxGenTerm’;
// This function is to set up the termination function. //
termOps = [100];
// It means that the maximum iteration is 100. //
selectFn = ‘roulette’;
// It means that the selection method is the roulette wheel selection. //
selectOps = [];
evalFn = ‘svm_methods’;
// The function in ‘’ is the evaluation function. //
evalOps = [120];
// The figure in “[]” is the time requirement. Here takes Guangzhou as an example. //
gaOps = [le-6 1 1];
// This operation is to generate an initial population. //
startPop = initializega {20,bounds, ‘svm_methods’, [120], [le-6 1 1]};
// 20 is the number of initial population; bounds is the range of value; the third
variable is the fitness function; the fourth is the parameter to transfer the individual
fitness; the last is the form of code. //
[x endPop bestPop
trace]=ga{bounds,evalFn,evalOps,startPop,gaOpts,termFns,termOps,selectFn,selectO
ps,xFns,xOpts,mFns,mOpts};
// This function is to operate the calculation based on the genetic algorithm. //

Take Guangzhou as an example.
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Figure 7-Convergence of the Result

As we can see from the above chart, the number of iterations is set as 100 the optimal
solution is got at 58.
The optimal route between Guangzhou and Ordos is:
11-waterway-4-railway-5-railway-2-highway-1

Take the same method to get the optimal solutions of Tianjin and Shanghai:
The optimal route between Tianjin and Ordos is:
4-railway-5-railway-2-highway-1

The optimal route between Shanghai and Ordos is:
10-railway-7-railway-4-railway-5-railway-2-railway-1

According to the above optimal routes and the transportation rate, we can calculate
the total cost. The total cost from Ordos to Guangzhou is 403654 RMB/day, the total
cost from Ordos to Tianjin is 140885 RMB/day, and the total cost from Ordos to
Shanghai is 329518 RMB/day. Compared with the real scenario in Elion Company,
the total cost in this thesis is smaller than the real scenario.
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Chapter 6 Conclusion
Intermodal transportation is an advanced stage of the development of transportation. It
can increase the efficiency of transportation dramatically and also save the energy. It
is an inevitable trend with the development of society and economy.

Intermodal transportation is a complicated system. It should consider several factors.
In this thesis, the transportation cost, time, capacity and transshipment time and cost
at each node are taken into consideration and a combinatorial optimization model has
been built to get the minimal cost.

Genetic algorithm is a powerful stochastic search method. It is a satisfied tool to get
the optimal solution for NP problem. In this thesis, genetic algorithm is chosen to
solve the model and it is applied to a company scenario-- Elion PVC project. We get
the optimal routes through genetic algorithm and calculate the total cost based on this
result. Compared with the real scenario, it can be found that the total cost in this thesis
is smaller than the real total cost in Elion PVC project. It proves that the
combinatorial optimization and genetic algorithm can solve the intermodal problem
successfully.

In the progress of the research, I also find that the construction of the transportation
network is very important. Because with the construction of the transportation
network, there will be more choices for the routes selection and the optimal solution
will be more satisfied.
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